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Objectives. We examined the nature of ridges within the left 
ventricular oufflow tract associated with ventricuiar septal defects 
that might be found by erhocardiography. 
B&ground. Echocardiography displays even small ridges well. 
Surgical removal of such ridges at the time of d&.t closure is 
recommended. 
Results. Defects were perimembranous in 25 specimens, mus- 
cular in 8 and part of an atrioventricular septal defect in 5. Some 
hearts bad multiple defects. Many of the original reports had not 
mentioned ridges. Three distinct ridge patterns were found. The 
ZMethods. We examined 37 heart specimens with veutricular 
first (n = 
septai defects with a ridge, noting iu nature and relation to the 
defect and adjacent valves. We excluded left ventricular outflow 
18) was a fold of endocardial tissue related to the 
tract obstruction associated with complex lesions. 
membrauous septum. The second (n = 12) was a defect nF 2 
fibrous nahre; in 8 this was a discrete, protuberant fibrous ~~~~~~ 
and in 4 the obstruction was difise, which we termed keloidal. 
The entity in which a fixed fibrous ridge produces obstruction 
in the left ventricular outflow tract is well recognized (l-3). 
The lesion hal; been described under several names, including 
membranous (or fixed) subaortic stenosis, fibromuscular ste- 
nosis or short segment obstruction (4). Such fixed obstruction 
is well described not only when the ventricular septum is intact, 
but also in association with several forms of ventricular septal 
defect. These combinations are equally well recognized by cross- 
sectional echocardiography (4-12). Indeed, association with a 
ventricular septal defect is reported to constitute up to 488% of 
some series of subaortic stenosis (8). It has also been suggested 
that the associated ventricular septal defect may play some role in 
the production of the fixed oWructive lesion (13,14). 
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The third pattero (n = 
Conclusions. Endocardial fold and circumferential lesions ap 
7) lay circumferentially around the 
ventricular septal defect, seemingly associated with the defect’s 
pear to be benign. The endocardial folds arose from the membra- 
attempted spontaneous diminution in size. Endocardial folds were 
not found in specimens from patients >5 years old. Fibrous and 
nous ventricular septum, were not protuberant and usually were 
keloidal lesions, which may represent a continuum of progression, 
generally were found in specimens from older patieuts. Histologic 
found in younger patients. The fibrous ridges, in contrast, were 
studies of 17 specimens confirmed the morphologic findings. The 
endocardial folds wtrre endothelil tissue, whereas the fibrous and 
keloidal ridges were of fibrous tissue, as were circumferential 
pratuberant and were always associated with the underlying 
lesions. All specimens had mitral-semilunar valvular continuity. 
muwle of the outlet septum, These pathologic distinctions may 
~a~~~itate echocardiographic diagnosis and prognosis. 
(J Am Coil Gudiol1995;25:475-81) 
One may ask, therefore, whether a small but discrete ridge 
identified only by echocardiography, without a measurable pres- 
sure drop, should be removed at the tie of surgical closure of the 
ventricular septal defect. On the assumption that the outflow 
stenosis is progrenive, most auth&ies have recommended rou- 
tine excision of an identified ridge at the time of surgical closure 
(8-12,15-20). Hov:ever, although the lesion is considered to 
progress with age, only a few examples have been shown to 
produce clbstruction in the very young (11,12,15-17). Further- 
more, some of the experience cited in support of removal was 
gained before the advent of routine echocardiography, which 
displays even the smallest of these ridges. 
To better understand the associations of subarterial ridges 
and ventricular septal defects and to elucidate the potential 
interaction of echocardiographic diagnosis and surgical ap- 
proach, we examined the appropriate specimens in the con- 
genital heart collection of the Royal Brompton Hospital. 
Methods 
Specimens. We examined the recttrds of 1,270 specimens 
from the collection of the Royal Brompton Hospital together 
with 250 specimens from the personal collection of L.M.G., the 
latter now alw housed at the Royal Brompton Hospital. These 
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specimens had been collected, in the former case, over an 
Is-year period in a center specializing in cardiac disease, and in 
the latter instance, over the course of a lifetime study of these 
anomalies. To match best the population seen echocardio- 
graphically, we excluded hearts with complex disease, such as 
ventricular septai defect associated with posterior malalign- 
ment of the outlet (infundibular) septum; unlike the defects we 
wished to investigate, this arrangement is known to produce a 
particularly malignant obstruction of the left ventricular out- 
flow tract. We also excluded specimL.,s with double-outlet 
right ventricle, with or without coexisting tetralogy of Fallot. 
Thus, we examined only hearts with atrioventricular (AV) 
septal defects, with ventricular septal defects associated with 
concordantly connected great arteries or with complete or 
congenitally corrected transposition. 
Morphologic assessment. We assessed the nature of the 
ridges in terms of gross and microscopic appearance, noting 
their position in the outflow tract and their degree of extension 
io the outflow tract and adjacent valvar tissue. We also assessed 
the position of the ridge relative to the ventricular septal defect. 
If the ridge surrounded the defect, we described it as a cirsum- 
ferential lesion. We noted the relation of the ridge to the degree 
of the obstruction within the opened left ventricular outflow tract, 
with degrees ranging from nonobstructive to severe. 
We also assessed the extent and nature of the mitral-to- 
arterial valvar continuity, seeking to ascertain whether the 
presence of a discrete left ventricular infundibulum was asso- 
ciated with the presence of ridges (21,22). We measured the 
minimal distance between the base of the attachment of the 
semilunar valvar leaflet to the obstructing ridge, and by using 
the orificial diameter of the semilunar valve as a ratio, we were 
able to compare the distance regardless of the size of the heart, 
The arterial valve itself was inspected for any abnormality. 
We made particular note of any damage to the valve that might 
have resulted from the hemodjrnamic consequences of the 
ridge or encroachment by the ridge onto the valvar tissue. Only 
three specimens were from patients who had undergone 
surgical closure of the ventricular septal defect. In two of these, 
the obstruction to ventricular outflow had been significant. 
After photographing the specimens, we removed portions 
of the fibrous ridges from 17 specimens and processed them for 
histologic study as described by Ferrans et al. (23). The 
sections were then stained with hematoxylin and eosin, Miller’s 
elastic stain and van Gieson stain. 
The prevalence of the various lesions, together with the 
associated 95% confidence intervals, was ascertained using the 
exact method of Armitage and Berry (24). 
Results 
Specimens. There were 188 specimens with ventricular 
septal defects fitting the previously described echocardio- 
graphic criteria. In these, a subvalvar ridge was observed in 37 
(19.7%, 95% confidence interval [CI] 14% to 26%) (Table 1). 
Sixteen were from male and 10 from female subjects, and 
gender was not noted in 11 records. There were 27 patients 
Table 1. Age Distribution of Cases With Ventricular Scptal Defect 
With and Without Subaortic Ridges 
Age at . 
Ridge Present Ridge Absent 
Autopsy NO. Ci NO. %I 
O-l wk 6 I6 29 29 
1 wk-I mu 7 19 3x 26 
1 mo-I yr 5 13.5 54 37 
1-s yr IO 37 19 13 
5-18 yr 2 5.5 3 2 
>18yr 7 19 3 2 
Total 31 146 
Five subjects whose ages are unknown were not irxluded. 
wit+ concordant and 10 with discordant ventriculoarterial 
connections, Of the specimens with subarterial ridges, 6 (16%) 
tT.rerc from neonates who died within the first week after birth; 
7 (19%) were from neonates who died between 1 week and 1 
month; 5 (13.5%) were from infant!, who died within 1 year 
after birth; 10 (27%) were from children who died aged 1 to 5 
years; 2 (5.5%) were from young persons who died aged 5 to 18 
years; and 7 (19%) were from adults >18 years of age. The 
defect was perimembranous in 25, 3 of which were large and 
confluent. One specimen with a perimembranous defect had 
additional muscular defects. In eight specimens, the ventricular 
septai defect was surrounded entirely by muscle but opened 
between the outlets in a location close to the arterial valve. In 
one specimen, the defect was remole from the relevant arterial 
valve and isolated. An AV septal defect was associated with a 
subarterial fibrous ridge in five hearts. No specimens had 
doubly committed or juxtaarterial defects. 
The ridge was situated circumferentially around the rim of 
the ventricular septal defect in 7 patients j18.4%, 95% CI 7% 
to 35%), below the defect in 5 (13.5%, range 8 to 35) and 
above the defect in 25 (67.5%, 95% CI 50% to 62%). It was 
deemed to be nonobstructive in 31 specimens, to produce 
moderate obstruction in 3 and to create severe obstruction in 3. 
Gross appearance. The morphology of the lesions was also 
considered with regard to features that might be defined 
echocardiographically (Table 2 and 3). An endocardial fold of 
tissue was seen in 18 specimens (48.6%, 95% CI 32.0% to 
65.3%). This type of ridge was pendant from the roof of the 
defect, was always related to the membranous septum and did 
not appear to have any muscular attachments (Fig. 1, A and B). 
Table 2. Morphologic Nature of Left Ventricular Outllow 
Tract Lesion 
Tqpt No. %I 
Endocardial folds 18 49 
Fibrous ridges 12 32 
Discrete ridges 8 21 
Keloiddi lesion 4 11 
Circumferenrial lesions 1 19 
Total 31 loo 
-- 
Percentages have been rounded off. 
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Table 3. Distribution of Types of Lesions With Rs*gard to Age 
Age 
O-1 wk 
1 wk-I rm 3 22 3 23.3 
1 mu-1 yr 3 17 2 15 
l-5 yr 5 28 3 23.3 3 33 
5-18 yr 2 15 
>18 yr 3 23.3 4 67 
Total 18 13 6 
Average age (yr) osx x.2 24 
A second type of ridge, present in eight specimens (21.7% 
95% CI 9.8% to 48.5%), was of a fibrous nature. This ridge 
protruded into the left ventricular outflow tract and was found 
on the surface of the muscular septum of the outflow tract (Fig. 
IC). A third, more extensive type of ridge protruded into the 
left ventricular outflow tract and extended for a greater 
distance than the second type of ridge and encroached on the 
arterial and AV valves. This lesion exhibited a keloidal appear- 
ance (Fig. 1, D and E). This type was also superimposed on the 
muscle of the left ventricular outflow tract. The latter two 
types, found in 12 patients (32.4%, 95% CI 17.9% to 43.8%), 
were considered to represent a similar lesion, the latter being 
a progression of the former. Another subset consisted of the 
lesinns with circumferential thickening around the ventricular 
septal defect. These were in the plane of the ventricular 
septum and gave the impression of an association with spon- 
taneous diminution in size of the defect. They also extended 
onto the muscle of the left ventricular outflow tract (Fig. 1F). 
Seven such lesions were found. 
Associated lesions were frequent (Table 4). Attachment of 
the ridge to the mitral valve was seen in six specimens. Only 
three specimens showed an abnormality of the arterial valve. 
One hati an associated bicuspid valve, and the ofher two, with 
advanced subaortic stenosis, had encroachment of the fibrous 
ridge onto the base of the aortic valvar leaflets (Fig. 1E). Only 
one specimen showed thickening and deformity of the valve 
that could be attributed to any proximal disturbance of flow. 
The aortic arch was interrupted 3n three cases, and aortic 
coarctation was found in another. Both specimens with con- 
genitally corrected transposition had endocardial folds situated 
above the ventricular septal defect. 
Histologic findings. There was a wide range of histologic 
findings, which where in close accord with the gross appear- 
ances. Simple endocardial folds were the most frequently 
observed structures (Tables 2 and 3) (Fig. 2, A and B). These 
consisted of layers of endocardium, either in close apposition 
or separated by c small amount of collagenous fibrous tissue. 
In some instances, a tendon-like structure was present in the 
free wall of the fold, which was attached to, or inserted into, 
either the membranous septum or the base of the mitral valve. 
These folds were in continuity with the membranous septum 
(25) or the adjacent fibrous structures and sometimes were also 
in continuity with the base of the arterial valvar leaflets. 
The other types of ridges showed the histologic features of 
5orous thickening beneath the surface layer of the endocardiai 
endothelium. They were attached to the underlying endocar- 
dium with dense collagenous and scattered fine elastic fibers 
(Fig. 2, C to F). This thickening varied from a discrete linear 
ridge to an extensive irregular plaque of material consisting of 
dense fibrous tissue. These lesions were generally demarcated 
from underlying muscle by a wt-ii defined elastic membrane, 
which was duplicated in some specimens. In some cases, areas 
of peglike fibrous tissue projected into the underlying myocar- 
dium. The fibrous lesions were in close relation with the 
ventricular septal defect and sometimes formed a border or 
marginal lip to the defect. Unlike the simpler folds, these fibrous 
structures were not related to the membranous septum, adjacent 
regions of the central fibrous body or the mitral or arterial valvar 
leaflets, although the more extensive keloidal lesions did some- 
times encroach on these stmctures (Fig. 2, C to F). 
The minimal distance beraeen the ridge and the arterial 
valve was evaluated as a ratic ot t:le ridge distance to the 
arterial valve diameter. These measurements showed that the 
ridge was generally close to the artersal va!ve (Fig. 3). Fibrous 
continuity between the leaflets of the ‘,nitral and arterial valves 
was present in each case we examined. In order to understand 
measurements obtained by the echocardiographer, we exam- 
ined the area of the left ventricula!: outflow tract on our 
specimens and in the normal heart (25,?6). The anatomy dictates 
that a long-axis echocardiographic cut of the outflow tract can 
display various distances between the base of the leaflet and the 
hinge point of the mitral valve. Dependbg on the site of mea- 
surement: false impressions can be gained of the extent of the 
mitral to arterial valvar separation (Fig. 4). Measurements made 
by echocardiograpki concerning this point, therefore, depend on 
the plane of the cut and cannot be precise (22). 
Discussion 
Most imestigators who disctiss obstmciion of the left 
ventricular outflow tract have based their conclusions on 
patients in whom the narrowing was overt and clinically 
evident (9). We undertook the present study in an attempt to 
Table 4. Distribution of Type of Left Venrricular Outflow 
Obstruction in Relation to Associated Lesions 
No. of 
CWS Folds Ridges Keloids 
Other cardiac anomalies 22 
Complete transposition* 8 4 3 1 
Congenitally corrected transposition 2 1 1 
Interrupted aortic arch 3 3 
Aortic eoarctation* 1 1 1 
Ebstein’s malformation 1 1 
Tricuspid tissue tags* 2 4 
AnomaIous sddavian artery 1 1 
Total 23 12 9 2 
*More than one pathologic finding. 
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Figure 1. Gross appearance of the various types of lesions encoun- 
tered in this study. Panels A and B show the lesion termed an 
endocardial fold. A, Two-week old male infant. The left ventricular 
outflow tract has been opened, showing a subaortic fold (*) in the roof 
of a large atrioventricular (AV) septal (VSD) defect. Its margin is a 
prominent endinous band (arrowhead) that is inserted into the base of 
the AV valve leaftet. B, One-year old infant. The subaortic fold (*) 
forms an inverted pocket below and continuous with the aortic valve 
leaflets. The posterior extremity is inserted into the base of the mitral 
valve. Kstotogic sections howed a well marked marginal tendon. C, 
Male infant. Subarterial fibrous ridge (arrowheads) lying below a small 
perimembranous ventricular septal defect (VSD) extending upward 
toward the aortic valve and posteriorly into the mitral valve. Panels D 
and E demonstrate the advanced lesions termed keloidal lesions. D, 
Thirty-seven year old adult. A prominent irregular fibrous shelf 
(arrowheads) lies almost immediately below the aortic valve. There are 
extensions uperiorly onto the valve cusps and inferiorly onto the 
muscular septum. This ridge is quite remote from a muscular septal 
defect. E, Adult man. The left ventricular outflow tract is opened to 
show a dense, thick, irregular keloidal plaque (arrowheads) below the 
aortic valve and extending from the septum to involve the base of the 
mitral valve. F, Four-month old female infant. Type of ridge termed a 
circumferential esion. A small perimembranous ventricular septal 
defect (VSD) is almost surrounded by a thickened fibrous ridge. This 
is more marked on the anterior margin, and the aortic and mitral 
valves do not appear to be involved. 
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Figure 2. Various histologic types seen in the gross 
morphologic examples. Panels A and B show the 
histologic features of the endocardial folds. A, Subaor- 
tic fold consisting of two opposed layers of endocardial 
endothelium with no intervening fibrous tissue apart 
from a prominent marginal tendinoxs cord, seen in 
transverse section (magnification X43, infant 10 days 
old). B, High power view of the region of the fold 
indicated in A (magnification X160). Panels C and D 
show the histolor;- features of the lesions called focal 
fibrous ridges. Stctions in these figures were stained 
with Miller efartic stain and van Gieson stain. C, 
Fibrous ridge forming a lip on the lower margin of a 
muscular outlet ventricular septal defect (magnifica- 
tion X20; infant 4 days old). D, An irregular zone of 
fibrous endocardial thickening adjacent to a perimem- 
branous ventricular septal defect. There are hvo di- 
lated superficial blood vessels near this zone (magni- 
fication X20; infant). The histologic sections in panels 
E and F show the features of the lesions called diffuse 
keioidal teft ventricular outBow obsiruction. Miller 
elastic stain and van Gieson stain. E, Low power view 
(magnification X6) of a longitudinal section of the 
upper portion of the ventricular septum showing an 
extensive superficial keloidal plaque composed of 
dense fibrous tissue, which forms the floor of a per- 
imembranous ventricular septal defect and has spread 
onto the wall of the left ventricular outflow tract (adult 
man). Compare with E. F, Section through a keloidal 
ridge situated below a muscular outlet ventricular 
septal defect. The dense fibrous structure is sharply 
defined by enclosing elastic laminae (arrowheads) 
(magnification X25; woman 35 years old). 
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Figure 3. Histogram demonstrating the distance between the ridge 
and the arterial valve, expressed as a ratiu to the diameter of the 
valvular orifice to remove the variability of patient size. The data were 
grouped into the categories hown. The larger the ratio, the farther 
from the valve was the ridge. 
predict the significance of the echocardiographic discovery of a 
clinically unsuspected ridge in the left ventricular outflow tract 
in hearts with ventricular septal defects. We wished to assess 
Figure 4. Normal left ventricular outflow tract displayed to show the 
arrangements of the leaflets of the aortic valve and the area of 
aortic-mitral valve continuity. The hinge point of the mitral valve is 
indicated by the dashed line and asterisks. Planes a, b and c are 
sections through the area of aortic-mitral valve continuity. The leaflets 
of the aortic valve are attached along arcs, with high and low points. 
The distance between the attachment of the leaflet and the hinge point 
of the mitral valve (double arrows) therefore varies according to the 
plane of section. 
whether a uniform recommendation could be made as to the 
need for operation. For this reason, we excluded from consid- 
eration those cases in which deviation of the outlet septum 
raused subaortic obstruction. Our study differs from others, 
therefore, in that it is confined to specimens in which the 
ventricular septal defect itself might be considered the pre- 
dominant factor, with the ridge being of secondary importance. 
Indeed, in only a few of our specimens had the presence of a 
ridge been noted in the original autopsy report. 
Our finding of such ridges in the left ventricular outflow 
tracts of one-fifth of specimens with ventricular septal defects 
nonetheless emphasizes the frequency of this lesion and 
strongly supports the contention that echocardiographic detec- 
tion of these Gdges is not artifactual. In two-thirds of our 
series, these ridges were found in specimens from patients 
aged less than 1 year at death. Indeed, 14 specimens were from 
neonates, and one ridge was present in an infant who had been 
born prematurely. Although the endocardial fold was seen 
most frequently in the youngest patients, there were younger 
patients who had fibrous ridges (Table 3, Fig. 1A and B, Fig. 
2A and B). The question of the significance of such small 
ridges as are represented by the endocardial folds is of interest 
for echocardiographers. Our data (Table 3) show that these 
lesions were not encountered after 5 years of age and probably 
disappear with growth. These lesions could likely create a 
dilemma for management, as they appear not to be associated 
with obstruction within the left ventricular outflow tract and 
therefore may not be candidates for surgical removal. Obvi- 
ously, echocardiography with Doppler examination as well as 
cardiac catheterization with these endocardial folds will not 
demonstrate left ventricular outflow obstruction. 
The ridges had different origins. The fibrous iesions appear 
at a later age than the endocardial folds (Table 3). As already 
stated, the endocardial folds are unlikely to cause obstruction 
b 
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to the ventricular outflow. Similar lack of obstruction can be 
anticipated from the encircling lesions, which probably are 
related to spontaneous reduction in the size of the defect 
despite their content of fibrous tissue. 
The protuberant fibrous lesions superimposed on the septal 
structures, in contrast, appear to be acquired and related to a 
disturbance in flow. Our findings in this respect support the 
contention that hemodynamics plays a role in producing such 
ridges (2,3,14). The histologic findings clearly show that these 
fi’orous ridges differ from the endocdrdial folds (23). Because 
our series is retrospective, it is difficult to speculate about 
progression of the ridges. Nevertheless, it is clear that the more 
extensive keloidal lesions were found in the older patients. 
This is in agreement with findings in the literature (2-5,8- 
12,20,21). The keloidal structures may be a more extensive 
development of the fibrous ridge. 
Although the ridges have been described as occurring with 
ventricular septal defects in all positions, most ventricular 
septal defects in our series lay close to or abutted on the 
leaflets cf the arterial valve, scggesting some causal association 
of the ventricular septal defect in relation to the production of 
the subaortic stenosis. Only four patients in our series had 
abnormalities of the anrtic arch. This reflects in part the 
exclusion from our series of heartz with posterior deviation of 
the outlet septum. It also sugges:s that the lesions observed 
may be more benign and do not disturb fetal patterns of flow. 
We also attempted to assess the significance of mitral-to- 
semilunar valvar discontinuity (21,22,26,27). There was no 
obvious evidence of separation between the two in any of the 
specimens. Examination of this area on specimens from this 
series and in the normal heart, however, casts doubt that such 
a measurement made echocardiographically would have any 
significance in determining a population of patients “at risk.” 
The types of ridges, nonetheless, clearly have the potential 
to be differentiated from one another by echocardiography. 
The first type is an endocardial fold, which appears to be 
related to the membranous septum. Future recognition of 
these features by echocardiography will indicate whether the 
lesions give rise to obstruction. The same is true for lesions 
lying on the circumference of the defects. The fibrous ridge, in 
contrast, appears to be the lesion that unequivocally gives rise 
to obstruction within the left ventricular outflow tract. This 
ridge protrudes into the left ventricular outflow tract, being 
found on the surface of the muscular outflow tract. Our 
findings suggest that the lesion is progressive, but only 
follow-up with echocardiography during life will demonstrate 
the validity of this supposition in future St&es. 
We wish to acknowledge the assistance of Dr. J. I. E. Hoffman with our statistical 
methods. 
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